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Abstract

The performance enhancement of Li-ion battery cathodes, particularly the NCM ternary material,
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fundamentally relies on the stability and structural integrity of the active material. Although ZrO:
is widely recognized as a critical additive for improving cathode stability, synthesizing Zr0O: with
precise crystal phase control, uniform particle size, and narrow size distribution remains a signifi-
cant challenge. To address this gap, we developed a secondary sintering strategy utilizing the classic
Zr-MOF precursor, UiO-66, enabling the controlled preparation of nano-Zr0:. This process involves
the sequential steps of precursor calcination and high-temperature annealing, enabling the con-
trolled preparation of nanostructured ZrO:. Characterization revealed that the resulting ZrO: na-
noparticles successfully retain the original mesoporous morphology of the MOF precursor, while
simultaneously exhibiting sharp crystalline edges, ultra-small average particle size, and a remark-
ably narrow size distribution (Span = 0.83). Furthermore, we preliminarily explored the influence
of different ZrO: crystal phases on the doping effect of single-crystal NCM cathode materials. After
Zr0: doping, Ni/Li mixing was aggravated and the layered structural ordering decreased, while the
initial electrochemical performance showed no significant difference among different crystal phases.
In conclusion, the synthesis strategy for nano-Zr0: with controllable crystal phase and uniform par-
ticle size distribution provides a reference for promoting the optimization of modification strate-
gies for Li-ion battery ternary cathode materials.
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PR22[6]s RRIRATAE[ 7] SN )2 o ZeOy H = Al i AR5 (8], AN[FI R dib A 25 R 0T FCME RE AN B A SB35
S, RS R (m-ZrOo) S e e PE AT AL S, T2 AR R A O] DY T &b B (-ZrOg) R HAH AR
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Figure 1. (a) SEM image and (b) TG-DSC curve of UiO-66
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Figure 2. XRD pattern of nano-ZrO:
2. #K ZrO2 #9HARY XRD %

3.2.2. 40K ZrO: MR BVEE Z L

N TRFL +-ZrO; 7] m-ZrOy e Al I FE SB[ 5% A, LA AN R 2 RN 1] 2% 24 R A5 211 t+-ZrO, AT m-
ZrOs & H AT 4, ¥4 Zr0,-550-2.5h TN E b AT — IR AL B . FRATIEEL T 600°C . 650°C \ 700°C
PALFE 2.5h, RIRF t-ZrO, 17 m-ZrO, FeAL IR LA, EHL 800°C#44b ¥ Shy 14h. 24h. 34h f139h
KARTE t-ZrO; 7] m-ZrO2 FAL I A . A T 133 -ZrO; Al m-ZrOs FEAN Rl PR B 2541 R IR 40 4L,
FAVEH Toraya [30]/757%, it X FHERATHNVETNH TR E. £ 1 R T EIRAN A # b #R B AT
8] 26 A T A3 B EEAMFE S 200, A m-ZrO, AR 23 %

SEAEE 3 e AT AR 1 T, AR AR ER EE A 3] 600°C, t-ZrO, RIAI K A4 7] m-ZrO,
WAk, T i B R AE A FR AR B[R] G F T ZrO, 1] m-ZrO, A, HAGEFRIR S, +-ZrO, [7] m-
ZrOs [PFEALES TR . (A RS2, 76 800°C AL 14 h, 24 h A1 34 h [ m-ZrO, RF 53 1138 5 533
N 2.57%H1 0.58%, XERWIFEE t-ZrO, 1] m-ZrO, FAUHIFEER K, AHE AL HIN AT, t-ZrO; A m-
ZrO, FAL (R RS, X RMBEE MM R, 210, & BB WD, AHASIKE]) 7tk N 5 o
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Figure 3. XRD patterns of ZrO2 under heat treatment. (a) temperature dependence at constant reaction time
and (b) time dependence at constant temperature

3.(a) AEIEE. HEAE®b) REAE, HEIREHRGEEHET Zr0: KA XRD B

Table 1. Volume fraction of nano-ZrO>

= 1. 9K Zr0 MRV IR TR T 8

R H%
ZrOs
t-ZrOz2 m-ZrOz
Zr02-600-2.5h 43.47 56.53
Zr02-650-2.5h 41.93 58.07
Zr0,-700-2.5h 36.02 63.98
Z1r02-800-5h 12.63 87.37
Zr02-800-14h 5.36 94.64
Zr02-800-24h 2.79 97.21
Zr02-800-34h 221 97.79

Bl 4(c)PRE T Ui0-66 [MERTEIES LA K R AT/,  H— IR 214K Zro, (14 4(b) ke /N T
IXAK Ui0-66, X2 UiO-66 H HLEA M AEIISE F . shat, i 4(c)nT DL B 7E s R B[] (1 FA kb 3
LYK ZrO, BOKL H RIS, 3 AR BURLC ORI S 1 5, (4384545 2] ZrO2-850-20h FrIRLAT
bt Zr0,-550-2.5h K. Bif5, FA145E TEM #EAT 17— PRAE, p-ZrO, PR AR (1] 4(d)) 230 H TR BRI R
S EE, RAGIER, Tk E AR BURL R AR AR, B EDS Bt Ze f1 O JCER IR A M EIE
T p-ZrOs YK AR R EEME A H A . L Ui0-66 AT BRI 25 ILNK ZrO, (] 4(e), [ 4(6) 280 H 4k
SR, SR GIENT, A SEM (WIS SE B —F, EDS Bt Zr A1 O JTERAEHEA
YK b R (00 PN 0 R L o3 A B B 13— M. Zr0,-550-2.5h HISFEKI4E N 11 nm,  ZrO,-850-20h )
BIRiAE A 59 nme & 4(g)~() @R T =FghK ZrO, 1) SAED &, ] 4(g) N p-ZrO, (01 1)H1(020) &4 ,
i [ () 673 53109 0.292 nm 1 0.177 nm, SAED EH H LU 7546 ZrO, (01 D) FI(112)Bdt; ] 4(h)>N ZrO,-
550-2.5h FI(011) &, &hTHE AIEE A 0.305 nm, SAED B HELIY 548 ZrO, HI(01 1) FI(112)MLst; & 43) A
Zr0,-850-20h HI(—111)&4 T, FHIEEEE Y 0.312 nm, SAED EHh i BLEALH ZrO, (=1 11)A1(1 1 1),
ZFYK ZrO, ¥R 4liA, X5 XRD B BTl 2.
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Figure 4. (a)~(c) SEM images, (d)~(f) TEM images and (g)~(i) SAED images of p-ZrOz, Zr02-550-2.5h and Zr0,-850-20h,
respectively

4. (a) p-ZrOz2. (b) Zr02-550-2.5h. (c) ZrO:-850-20h B SEM El#&; (d) p-ZrO2. (e) Zr02-550-2.5h, (f) Zr02-850-20h
B TEM B%&; (g) p-ZrOz2v (h) Zr02-550-2.5h. (i) ZrO2-850-20h B SAED [Eli&

3.2.4. RESHR

Ui0-66 FIIRAE . Zr0,-550-2.5h Zr0,-850-20h Al p-ZrO, HIRIAE /3T 45 B 2 Fim. 45 %8, Uio-
66 FIZIK ZrO, 1) Span G35 /N T 1, M GOKBURLE A 25— RS 2040 A0 R 47 1) 2 dk o] DA ],
Zr0,-850-20h Al p-ZrO; 1] Span {EAH[F, XFK I H Ui0-66 HI KA % 49K ZrO, A1 Zr(OH)4 7 XA %
HI2hK ZrO, BA AR [E B B MR SF0Ai, B Zr0,-550-2.5h (D50 = 39.27 nm)F ZrO,-850-20h (D50 = 52.10
nm) R/ NT p-ZrO, (D50 = 96.42 nm). HH UiO-66 1FE NRTIKMEELE 1S 2 40K Zr0, Kifz /T Uio-
66, XL SEM EUZHT 4 R —3.

Table 2. Particle size distribution of UiO-66 precursors and nano-ZrO>
= 2. UiO-66 BTIRAFAIR Zr0: BRI R 57

FF i 2R D10 (nm) D50 (nm) D90 (nm) Span
Ui0-66 Higki4 54.77 86.86 138.7 0.97
Zr02-550-2.5h 25.29 39.27 61.49 0.92
7102-850-20h 34.90 52.10 78.25 0.83

p-ZrO» 64.63 96.42 144.90 0.83

3.2.5. FRIRE ZrO, B 43T B8 NCM613 BB L F

5 8 NCM613, NCM613-tZrO, Al NCM613-mZrO; [¥) SEM E%. nTLAE H, =AM 25Kk
P—UBURIESR, BB 2 AN Z AR, REEHE, RAARL 1~2 pm, THE KPR RS .. X
TESURAE S B NCM MR —3. B2 Zr0, J5, BURLESUEEALRREAAS, Ui ZrO, 5 44 A i AR L

DOI: 10.12677/ms.2026.1610193 92 ey PR


https://doi.org/10.12677/ms.2026.1610193

BB &

AL Z T

Figure 5. SEM images of (a) NCM613, (b) NCM613-tZrO2, and (¢) NCM613-mZrO:
5.(a) NCM613, (b) NCM613-tZrO: Fl(c) NCM613-mZrO2 B SEM El#%

A TAEME I GSAS-IT 5% NCM613 . NCM613-tZrO; F1 NCM613-mZrO; st Ak 45 #1547 3ET Rietveld
FEAE[31], Hdd e i 7 s i K oAl FE AL kR

6 NEET LiINIO, B NCM613. NCM613-tZrO, Fl NCM613-mZrO; [f] Rietveld f&IE K. =4
FE ST 25 R S S0 R AT, R IZUSIIE T Ry 5104 4.08% 4.40%F1 5.19%, 35/NTF 10%,
RUPFEIEERTTFE. B3 ATH, NCM613 Mg S40Ch a =2.875 A, ¢ = 14.244 A; B4RIUJ5HH ZrO,
G, aflc 7l kA 2.876 A F114.247 A; BARHRUH 210, J5, a Fl ¢ d#E— P14 K2 2.877 A Fi1 14.251
Ao ERESEINRRIEIK R ZeY BB N Sk BRI & Jm Ak Ar, 5 SCikikiE —#(32].

(a) (b) (©
NCM613 O Observed NCM613-Zr0, O Observed NCM613-mZrO, O Observed
o o Caleulation 1% Calculation Calculation
8 Difference o Difference 0 Difference
o | Bragg Position 8 | Bragg Position 8 8 | Bragg Position
~| © d Ryp=4.08% o o R, =4.40% — R,,=5.19%
E o 5 (0] 3 (0]
% 8 ) 8 g ©
- O
g 8 E; 1(003)/1(104)=1.004 %, 0 ® 53 TOUI(0a=0856 «; 8 8 1(003)/1(104)=0.863
) 2 &
Q
£ 0 0 gl o ¢ 2 1
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Figure 6. X-ray diffraction Rietveld refinement patterns of (a) NCM613, (b) NCM613-tZrOz, and (c) NCM613-mZrO2
6. (a) NCM613, (b) NCM613-tZrO> F(c) NCM613-mZrO» B XRD Rictveld ¥&1& &L

1(003)/1(104) LU A F T 5 NCM AR AR HEREFE 12 LR ol % 2 W B 0 AH o 7 I RE
A, AR 3 WAL NCM613 (1) 1(003)/1(104)AHA 1.004, 4% Zr0,-550-2.5h F1 Zr0,-850-20h ),
NCM613-tZrO, Al NCM613-mZrO; [ 1(003)/1(104) LLAE 73731 I 2 0.856 F1 0.863, F£H ZrO, B4 J5 ## H.
FH AL IR A PTG N, HoE EoRSB A Rt — PR sk 1 i — %y, SER AL 2 FAE(NCM613) 11 2.0%
3BT A 4.6% (NCM613-tZrO) Al 4.5% (NCM613-mZrO,). i8] ZrO, #5245 AR G5 M A - BE P T
—IERAME, AH AR Y TR 2R RN

Ntk — IR ZeO, B S BENR AR I IR R, A X 4ot REIR(XPS)BE AL Ni I &1 43
Mo [E 7 R=ANFES ) Ni 2p REAHHE K2 Ni2 0 NE TR 7 H 40 H e Ni2psp BEEERTHLE8 Ni2' (854.6 eV)Fl
Ni** (856.0 eV)HI/MFAEIE[33]. FRELEHFI A2 Lit (0.076 nm)FI Ni2* (0.069 nm) B 712401, &
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ik 5%

HNPEHTIHBZ, LA S#EAZIESER, MRt N2 R Ehke, 8% SucE R ]
AR ™ B L 6 N2 AT N3 (0 R 7 5 49 e kAT 58 M (4 7(b)), NCM613 71 Ni2 AT N> i E 51143731 R 35.19%
1 64.81%; 4% Zr0, 5, NCM613-tZrO-H NiZ L3 2 40.26%, Ni**B&Z 59.74%; NCM613-mZrO,
NiZ' LR 37.49%, Nit*2R 62.51%. A0, ZrO, B4« 3 Ni¥ & &N, H AT A ZrO, B4R i g i
BONUIE, 1X 5 Rietveld KE1H 3 1RHE AL — B N2 HLEITH = R AT RE 2 Zet 48 N ks 5 L
REB I SEAL, BT Zer AR, AR, 55 NSHOEE8 N2, SEUN S ' .

B, ZeY 7ERRE SA% I EIRY, BB T N2 g 2, deim Rl 7 4RAE. X4 R, Zio, B4 2
REEMA 7RIS N2 & BB YIARDE, BT A ZrOs 546 Ni2 S 0 42 k7 F i o T S AL AH

ZI‘Ozo
(a) (b)
- = 100
Ni 2p Ni** 3¢
Ni?* .
NCM613-mZrO, _ & Ni**
oo o e ’\ 80 -
S ey
-~ e \\ < 64.81%
3 00 S L4 62.51%
8 = 604 59.74% T
= NCM613-tZr0O, r 2
' x ~ -
‘z R Oy Al g / \ &
S ) Coup We? o
2 < \ £ 40 —_— 28 37.49%
— = =%
NCM613 P,
y oo 1 20
e Y\
oS < \
X
T T T T 0 T T T
890 880 870 860 850 NCM613 NCM613-tZrO, NCM613-mZrO,
Binding Energy (eV)

& 7. (a) Ni 2p high-resolution XPS spectra of NCM613, NCM613-tZrOz, and NCM613-mZrO> and
(b) atomic percentages of Ni** and Ni**

Figure 7. (a) NCM613, NCM613-tZrO> 1 NCM613-mZrO2 B Ni 2p XPS #54HiZF1(b) Ni2*F1 Ni3+
HEFES

IR FEBOEIEALS H (5 3) 7R, NCM613 7 0.1C £33 T [ 5 IR E B 2UE RN 90.17%, NCM613-tZrO,
FTNCM613-mZrO, 73 5114 89.72%FH 89.74% . JE B2 i 1) Ni/Li RHFREEE A B X, (HHEIRECR
RGOS AH LU AR RRAR I K, BRI AL ZeOs B4 FE T Z (AR IR ZE 57 IX — 25 LR, TEARSE
M, ZrOy B4 5%F B bl NCM613 Z5 44 JZ2 T 1) Ni/Li VEHEAS Ak oK 5 25 5200 15 R RO 0%

Table 3. Crystal structure parameters and 0.1C rate capacity of ZrO2-modified NCM613
= 3. Zr02 B NCM613 B RS 8 H K 0.1C ERFEMEBMER

FEdn 2 TR a(A) c(A) 1(003)/1(104) Ni/Li B 0.1C FEWRFEBERR

NCM613 2.875 14.244 1.004 0.020 90.17%
NCM613-tZrO> 2.876 14.247 0.856 0.046 89.72%
NCM613-mZrO> 2.877 14.251 0.863 0.045 89.74%

23 b, Ui0-66 ATA Y75 M5 SRV ZrOo B2 s T Ni/Li JBHPF RS T 2 REMA 2, HXT K
PR RCRINFEMEN,  — 3 2 [ AR 2 7 EARBE S5 2 HUZ I AR B e e e g R . 124558
FON ZrO, /£ NCM IERATRHE 2% S0 P I R AHIE BRI SR U0 5%
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T ZM Z-MOF——Ui0-66, K —XBeAEHTIRAMBR + il AL Sng, il 7 aily s
AH N AR R AN S G AN AR TR 2 B DY 5 AR AN RAR 9K ZeOo Bk, 5821 DU J7 AH ) SR ARHRH A PR IR
FERF IR 26 1E, FRAGE T HAL ARSI . AEBLIEAE 1, H5 DU A ZrO, (Zr0,-550-2.5h)FI L EHH ZrO,
(Zr0,-850-20h) 5 4 2 HL bk NCM613 1, 5T ZrO, b A MR M RE MR . 4518 U0 F -

(1) Ui0-66 £ 550°C 75 H T Btk 2.5 h 15 EIPU 5 AHAK ZrO,, “FIKAE A 11 nm, VU7 MK ZrO,
1E 850 C#AKLEE 20 h 13 BB RAHGNK ZrO,, “FIIRIAEH 59 nm.

(2) PUT5HH ZrO, 75 # AR FR IR i 31 600°C B AT & A= 191 SRR ZrOs FIEEAL, T il B RS K AR A 2R
()RR T e RE R A, HAAKC BRI B R, DUTTAH ZeO, [A) SR ZrOs (% A0 I 1] 1

(3) FETHITIRAR UiO-66 il 4 & R ZrO, 467K T Ui0-66 MIERILILIA R UFHI2>ELE, 5 Zr(OH)s N
AT IRAAH & 19K ZeO, MALL, RIARTE/N, Ay RIEIAE), HESUNE,

(4) ¥ Ui0-66 T VU 7 MHAT R RE Zr0, 73 55 4 2 5 di NCM613 1, HiFlh ZrO, 524 34% NCM613
(AR EE G P FEF=AE T — 2 50 . XRD AF & 45 B 7R, 1524 15 Ni/Li TR HERE B 2.0%38 12 4.5%F1 4.6%:;
XPS AR B A G N2 B &, B ZeO, B4R T Ny/Li IRHEHFEAK T 2R A TR, BIRAE
T EERFA AL ZrO, 15 42FE 5 108 UG 3R (89.72%F11 89.74%) 525 FARE 1 (90.17%) (R FEAHIEL K-
X W 2546 2 THT 1) Ni/Li TR HEAR AR SO0 45 1R T A SB35 52 iy I AL 24 PE RS, MOF fiT4: ZrO, 1 SR AH 22
S R BERBES S HUZ .
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JUKE AN (ZrOCL-8H0, 98%, bt iEdlRH AR A F); XK ZHER(CsHeOsr 99%, Kid:
7 BUBA R A IR A ]); VKB (CH;COOH, AR, FGARTH BHEAL 2 S AT PR A 1); NN-— B 5 F i
(CG:H/NO, AR, T T AWM AR A7) Jo/K LBE(CHsCH20H, GR, HUAR T RHE AL 7 5
FRAT]); BREREL(L1,CO;, HLIhZE, DUJIRIEEN A IRA F); 8RS A (NiosCoo.1Mng3(OH),, Hiith
%, WERHEATR); (L, b, REFRENARAR); FHIKE(Super P Li, I, akifa
1) R LHEPVDF, Hbgy, EAEHH; N-F M EEINMP, B, Z{E05); Sl
HIB g, TR A RMRHA R AR): #EES T it iR (LBC445D58, HIBEL, IR g R R A
PR AF]): IR E(PP/PE, B, RIITT RIEM R A AR A F]): m2i (02, DU IE A
A BR A A TS0 B & 21%, ESBG AL A R 5T A 7))« k5 2 N 4 (LC-MCR-2508T,
HIRIES R R A FD; &P (OTF-1200X, & BB EE ARG R A F); FP(ZYQ1200-50, F5E
WHEEEFEARAR): SRR PHRESIMGS, HIME RS G IR AT B E &R
HEHLAIMSO0, F S NG R A F]); 1RABIENL(ARE-310, HEEAGHRAF); JEHMHAF
WA HLHMM-DTM260, £LAHE TR A IR A FD); KT HLIMSK-T10, IR AR
FHIRAF); FEMMIKROUNA Univarsal KFHZ I Tk F e R BB E R A E]) .

37 RS BE(SEM, % 7] sigma 300 FIZEER & Apreo 2C)FliZ& if LT~ B/ BE(FEI-Talos-F200S) M
SR A Y S ANE X LT 5 (SAED) s Bk e PEFAI AR 7 Mrid il X S AT X (XRD, H AR %
Miniflex600-C)#EATHfi &, AXZHHEN 10°/min, AR 3°~90°; H X FLOLHETREE(XPS, FEBR K
Nexsa G2)Hi € TR M A Mo Ay RS HTA(TG-DSC, H A H 37 HITACHI STA300)iE47 43 44 () 1
RZERAHT, e AAER R, NS N TE 2 AU E T =R A 1000°C, FHEE2 5°C/min; #p A R EE
T AR K Zeta FEA 43 HTAX(FE[E Malvern /2 7] Malvern Pro)iEAT i€

7£ 15 mL N,N- - Fi 3 i (DMF) i\ 4 mL CH;COOH, % N 13t P8 Hoe leds) — 3,
A 1.0 mmol ZrOCl-8H,0, it A I HHE 2 TE B3y 513%E V(28 A ¥)); 1£ 15 mL DMF H1i0A 2.0
mmol XK~ FHR(H,BDC), iR ML IHHE 2 IE s 5137 (e A B ). # B &2 EIA A W,
TP S GBI SOmL IR RBeRi, (ER S RV 130°C R 1h, RBIFLAGEMRE, F
HARAHRZR, BO005, H DMF Bk—IK, JoKOEBRGE =, Fr=1E 60 CHEAE T 24 h,
33 Ui0-66.

IEBA R RS &

53 MFREL 42.12 g LizCOs #1100 g NigsCoo.1Mno3(OH)2, MIAZHiHREHLH S 30 min fFHIE S
5], BIRA T HIMEURAFE R, 7E 90% A&/ 976°C FARIE 10h, FHEE® 10°C/min. fFH AR
AERE, A1) LiNigsCoo.iMno ;02 1 350 HIfiM i, SR ENEATHRE, SRR 51
LiNig6C00.1Mno302. FREX 0.3782 g ZrO, S5HHIA BT & ) LixCOs F1 Nig.sCoo.1Mnos(OH), IIATR A HEALH
HAR DI E %% LiNig6Co01Mno30; —3, 152 LiNig s972C00.1Mng 3710002802
FNzCER RO 2E 3 K BB AL SE 1 BB

B IEARAT B SP AT PVDF DL 95:3:2 (LLBE &, IR & BIEHL R S R iR T fE&im, + 80°C
FABM PR 120, BITRBIEAR S, D m i yiiblk, 78 mal| i FEM 4% CR2025 7Y
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R . B F A FRSE . R B AR, BRI, EMR. TAEEM. IEM5E, M OyE
H, =iEEE 12h. H, RS TERR BN BA2ENRE 3 H CT3002AU iR 240 Fik
17, HibIAE AR N 25°C, MR H RN 3.0~4.4 V vs. Li'/Li.

Ui0-66 ¥MARIFRIE

Ui0-66 (1) X FHEATH &5 (K SHR B, kG U Ui0-66 1E 5°~10°H W/ MRFIEIE . 1277 —/MF
TR, 26°4 —AMFAEIE, ATEHIE AL BAISRE 5 Cavka BIF 7R 215 B0 45 F w5 — 25, 2 WA FH vt v il
T Al 1) Ui0-66.

S1(b) NRTEEIE Ui0-66 Frkikifz ik, £ D50 4 86.19nm, I HEA B — R~/ Ak, H
T RS A B 51, BATHE T Span 8, S5%29°4 1.0, R Ui0-66 #14k R ~F 40 B AR

IR 8 Sk
20
(a) (b) D10(nm)=54.04
D50(nm)=86.19
D90(nm)=140.1
154
-~
]
5 g
z z
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54
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Figure S1. (a) XRD pattern and (b) particle size distribution plot of UiO-66
B S1. Ui0-66 #HAH(a) XRD EiEH(b) HiZ3 75 E

NCM613 B ZrO, U il ia FE e M g6

S2 JE/R T NCM613 LA K NCM613-tZrO,« NCM613-mZrO, ¥ 5 1E 3.0~4.4V % 0.1C %44 T B#146
FERCH 2R . R OB EE R R N 197.73 mAh-g . 195.69 mAh-g ! Fll 193.46 mAh-g ',

(@) (b) (©
4.50 4.50 4.50
NCM613 NCM613-tZrO, NCM613-mZrO,
0 425 425 4254
= = =
= = =
= 400 = 4.004 = 4.00
& @ &
> > >
Z 375 Z 375 Z 3754
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g 30 5 3501 § 3504
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Figure S2. Initial charge-discharge curves of (a) NCM613, (b) NCM613-tZrO2 and (¢) NCM613-mZrOz at 0.1C in the voltage
range of 3.0~4.4 V

S2. (a) NCM613. (b) NCM613-tZrO>» F1 (c) NCM613-mZrO» 7E 3.0~4.4 V & 0.1C £ TR E R FeH e fhsk
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